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[57] ABSTRACT

The velocity of a railway car travelling along a particu-
lar track can be determined by measuring the distance
travelled by the car during a predetermined time inter-
val. This distance travelled is measured by determining
the location of the car with respect to a fixed point on
the track at two different points of time. The determina-
tion of the location, in turn, is found by measuring the
time period that it takes an electric signal applied at a
fixed signal generating point to travel along the railway
track and, once reaching the car, to be reflected back
along the track to the signal generating point. By mea-
suring the time delay between the applied signal and the
reflected signal, the distance between the application
point and the closest railway car on the track can be
measured.

13 Claims, 8 Drawing Figures
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1

SYSTEM FOR SELECTIVELY DETERMINING
THE LOCATION OF A RAILWAY CAR MOVING
N ALONG A RAILWAY TRACK =~

- BACKGROUND OF THE INVENTION

The present invention relates to a system for measur-
ing the velocity of a car moving along a railway track
by determining the location of the car along the railway
track at.two different points of time.

In the operation of today's modern classification

yards, the speed of the cuts (i.e., a single car or group of

cars travelling through the classification yard) directed
to each of the particular storage tracks is controlled so
that the cut when arriving at the storage track is travel-
ling at a predetermined speed. That speed, herein called
the entering velocity, is dependent upon, inter alia, the
distance that the cut must travel in order to couple with
the previous cut that entered the particular storage
track. If a particular storage track has very few cars on
it (presuming that all of the cars on the track are cou-
pled together), it is necessary for the next cut entering
that particular storage track to travel a relatively great
distance and hence the cut when entering that storage
track should be travelling at a greater entering velocity
than would be desirable if the track was filled with more
cars. Conversely, if the track is almost full, then the
entering speed of the cut should be less so as to mini-
mize the impact force against the last car already in the
particular storage track. As is well known, the speed of
the cuts can be controlled by the Operatlon of the re-
tarders in the classification yard. ~-

The exit speed that the cut should have when it leaves
the retarder, therefore, is dependent upon the distance
from the retarder to the point of coupling in the storage
track to which the cut is a331gned For proper coupling
to occur, the car must be moving with sufficient mo-
mentum both to reach the last car of the previous cut
and to close the coupling mechanism. In order to have
such momentum the cut should generally be travellmg
at about 3 miles per hour upon impact. While this is the
ideal coupling velocuy, unfortunately several factors
cause variations in the speed of the cuts. Such variations
in the speed can lead either to damage to the cars of
their lading if the cuts are travelling too fast or to failure
of coupling if the cuts are travelling too slow.

The variations in speed can result from a plurality of
different factors, in addition to the distance the cut must
travel, such as the condition of the tracks or the forces
of a strong wind. With respect to the condition of the
tracks, this becomes especially - significant where the
classification yard is built upon a swamp, since the mois-
ture and soft soil will affect the contour of the track.
Attempts are often made to compensate for such varia-
tions by manually determining the deviation between
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use of either a radar system or through an impedance
measuring system.

Two radar systems which are utlhzed for this purpose
are shown by U.S. Pat. No. 3,377,587 to Nakahara et al.
and U.S. Pat. No. 3,463,919 to DaRold et al. In the first

of these two patents, the distance between two cars
travelling along the same track is measured by the trans-
mission of a radar signal along a specially built micro-
wave waveguide positioned between the tracks. The
signal is transmitted by one car towards the other car.
The signal is then reflected by the second car back
towards the generating point. The time between genera-
tion and receipt back of the radar signal provides an
indication of the distance between the two moving
vehicles. In the latter of the two patents, the same prin-
ciple is utilized, but the radar signal is transmitted above
ground without the use of any special conduits.

Radar system relying upon microwave waveguides
are both extremely expensive and relatively complex
both in setting up and in operation. In order to properly
operate the radar system where the microwaves are
transmitted along a waveguide, it is mandatory that the

- waveguides be properly aligned. While the alignment

process has been relatively well developed, it is still a
complex procedure, especially when the waveguides
must be laid over great distances, as would be the case
In a railway classification yard. Furthermore, the wave-
guides must remain in alignment. In all probability, the
vibration caused by the rolling cuts along the track
would tend to knock the waveguides out of alignment
thereby rendering the system useless.

When a radar system is utilized where the micro-
waves are transmitted above the tracks, other problems
occur. Such microwaves are generally transmitted
through the use of a dish transmitter. Since the collima-
tion of the beam is related to the size of the dish, in
order to have relatively good resolution, the diameter
of the dish must be fairly large. Of course, the larger the
dish the larger the expense and the more impractical the
system becomes. Furthermore, it is possible for the
radar beams to bounce off other cars at adjacent loca-

~ tions if such cars are closer to the signal generating
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the actual speed of a cut travelling along a particular

storage track and the ideal speed for such cut. Upon
determining the deviation, the information for control-
ling the retarder can be modified SO as to compensate
for the speed variations..

In order to determine the distance that a cut has to
travel within a partlcular storage track before coupling,
a measurement is made of. the distance between the
initial point of the storage track:and the last car within
that track. This measurement is often referred to as the
DTC, i.e. the distance to coupling. In previously known
systems, this measurement has been made through the

65

point. When this occurs, the system provides a measure-
ment based on improper information.
Examples of the second type of system, an impedance

- measuring system, are shown in U.S. Pat. No. 3,342,989

to Dwyer et al., U.S. Pat. No. 3,619,604 to Auer et al.
and U.S. Pat. No. 3,781,543 to Staples et al. In the sys-
tem disclosed by each of these patents, a measurement is
made of the attenuation in a signal which is transmitted
along one rail of a particular track and reflected back
along the other rail of that track. As shown by the
patent to Auer et al., the signal is transferred from the
first rail to the second rail by a shunt formed by a set of
wheels and axle of a car located on the track. The atten-
uation of the signal is dependent upon the length of the
rail along which the signal has travelled since the length
of the rail varies the impedance of the current loop.

Thus the longer the rail the greater the attenuation. The
attenuation measurement, therefore, provides an indica-
tion of the distance that the signal has travelled which is
indicative of the location of the car shunting the signal
between the first and second rails of the particular
track. The systems disclosed in the patents to Dwyer et
al. and Staples et al. also rely upon impedance measure-
ments. In the systems disclosed by both of these latter
patents, multiplexers are provided so that the measure-
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. 3 _
ment system can be utilized for determining the location
of the last car in each of a plurality of tracks. |
In- the impedance type measuring system such as
shown in the above-noted patents, a current loop i1s

formed between the measuring system, the railway
track under consideration and the last car within the

track. Since the resistance in the loop will depend upon

the length of the track, the voltage varies with he length

of the track. Prior to measuring the attenuation, how-
ever, it is necessary for all transients in the applied sig-
nal to die away so that a constant signal is transmitted

along the tracks. Since the impedance measuring system

‘requires a constant signal, there can be a delay of sev-

10

eral seconds between the initial application of the signal

and the time when a measurement can be made. Due to

this delay, the amount of information, i.e., the number

15

of tracks which can be tested within a set time, is signifi-

cantly limited. Furthermore, such attenuation systems
generally give a resolution only accurate to four car

lengths. Since the retarder exit speeds of the cuts are.
dependent upon the measurement made by the system,

it is obviously desirable to have the best resolution pos-
sible and often the poor resolution provided by an impe-
dance measuring system can lead to either hard cou-

plings and possible damage to the cars or stalling of the

cars during the operation of the system.

More important than the problems exhibited by the -
 radar and impedance measuring systems in rendering

static measurements of the distance to coupling, it is
extremely difficult with such systems to make any dy-
namic measurements relating to the movement of the
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car along the storage track. Due to the relatively poor -

resolution of such systems, if successive measurements

are made at short time intervals, a forward moving car |

could appear to be either backing up or standing still.
Consequently, in order to measure the speed of the cut
moving along the storage track and hence coupling

speed, there must be a significant time interval between -

each measurement of the location of the cut. The length
of the time interval limits the number of speed measure-
ments that can be made, which then means that it must

" be assumed that the deceleration of the cut as it travels
“along the storage track is constant. The coupling veloct-
tys and decelerations of the cuts are used to control the
retarder so as to minimize the deviations between the

actual and ideal velocities.
The deceleration of the cut as it travels over the

35
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for each of the storage tracks in a railway classification -
yard which overcomes the disadvantages of the radar

type measuring system and impedence type measuring

system previously utilized in the prior art as discussed

above.

Still a further object of the present invention 'is to
provide a system for measuring the distance to couplmg
for each of the storage tracks in a railway classification

yard which system can be incorporated within the yard

with a relatively minimal expenditure and yet prov:de a

highly accurate resolution. - |
Still another object of the present invention is to

prowde a system for accurately measuring the couplmg o

speed of a car in a storage track.

Still a further object of the present mventlon is to
provide a system for providing the dynamic characteris-
tics of a car moving along a track. |

These objectives are achieved through ‘the employ-
ment of the car location measuring system according to
the present invention. In accordance with this system, a
series of signals is transmitted to each of the tracks on
which a measurement is to be made. The signal is cou-
pled to one of the two rails of the track under investiga-
tion. The signal travels along that first rail until 1t
reaches the rear wheels and axle of the last car within
the particular track. The rear wheels and axle of the car
act as a shunt electrically interconnecting the two rails
of the track. The signal is transferred by the shunt con--
nection to the second rail of the track and then travels
back along the second rail towards the origination
point. Measuring circuits are connected to receive both
the signal applied to the first rail and the signal reflected
back along the second rail. By determining the time
delay between the two signals, an output signal whichis
indicative of the distance between the point at which

- the signal was applied to the first rail and the locatlon of

the last car in the track is obtained. __
Although other applications are possnble, the two

 primary appllcatlons for the measuring system of the

present invention is in a railway classification yard for

~ measuring the distance that each cut entering a storage
. track must travel in order to couple with the last car in

that track and for measuring the coupling velocity of

- .the cut. By determining the location of the last car on
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the storage track with respect to the entry point of the
storage track, the distance to coupling for the track is

~ known and the measurement can be utilized for control-

storage track, however, can vary due to several differ-

ent reasons, such as tight gauge of the track, soft spots
in the track bed and variations in the contour of the
track. Such variations affect the dynamic characteristics |

50

of the cut as it travels along the storage track. Without

being able to make a large number of speed measure- -

ling the operation of the retarders on the cuts directed
towards a particular track. Thus, the closer the last car
is to the entry point of the track, the less distance a cut

will have to travel and hence the retarder will provide

a slower exit speed. Alternatively, if a greater distance

'is measured, then the speed of the cut must be greater so

‘ments, it is impossible to accurately and automatically

calibrate the system SO as to minimize the speed devia-
-t1ons. | -

' SUMMARY OF THE INVENTION

An object of the present invention is to proyide an

‘improved system for obtaining a p]urallty of accurate .

-velocity measurements of a cut movmg along a railway
track. |

an improved system for measuring the distance to cou-
pling for each of the storage tracks in a rallway class:ﬁ

cation yard.

3

that it travels the full length of the storage track and still
impacts with sufficient force for causing coupling of the
cars. Further, by obtaining an accurate measurement of
the actual coupling velocity, the retarders can be appro-: -

- priately controlled so as to minimize the deviation be-

Another object of the present invention is to prowde |

65

- Still another object of the present invention is to
provide a system for measuring the distance to coupling

tween the actual and ideal coupling velocities. This

later procedure can be referred to as tuning the system.
~ Since the system of the present invention relies upon . -

the time delay between the signal applied and the re-

flected mgnal received and not upon the attenuation of

the signal, in contrast to the impedance measunng Sys-

tem, there is no need to wait for the transients in the
‘signals to die out. Thus, the measurements can be made
based upon the leading edges of the signals. For this
- reason, measurements can be made much more rapldly: )




d
and with greater resolution. The resolution of the sys-
tem of the present invention would be approximately
one quarter of carlength. Due to the increased speed at
‘which the measurements can be made and the improved
resolution, a plurality of distance measurements can be
made as the cut travels along the storage track. By
calculating the distance travelled during each time in-

terval, the velocity of the cut can also be determined.

The signals which are applied to the track in accor-

dance with the present invention travel along the track

at approximately the speed of light (3 X 108m/s). Thus,
if a car length is 15 meters long, the elapsed tlme for a
signal to travel one car length is:

(2% 15m)/ (3 X 108m/s) = 100 nanoseconds

For a car which is located approximately 50 car lengths
from the entrance of a particular storage track, the
elapsed time, or time delay, would be ﬂve microsec-
onds.

The advantage of the high-speed, hlgh resolutlon
measurement associated with the system of the present
invention is that it allows accurate measurement of the
location of the car at a plurality of points of time while

the car is moving along the track. The computer uti-

lized in controlling the classification yard can store and
utilize this data for a plurality of cars that recently en-
tered a particular storage track so as to obtain the aver-
age deceleration of the cars as a function of where the
car is on the track. The deceleration i1s obtained by
differentiating the speeds that are calculated with re-
spect to the time. Using this technique and curve fitting
routines, precise coupling speeds can be obtained so that
the recent history of the performance of each cut, at
each location within the track, is available for tuning
the computer program. The actual calculations are done

10
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recent cut entering the particular storage track. By
determining the location to the cut at a plurality of
different times with set times intervals between each
measurement, a plurality of velocity measurements for
the cut can be calculated from this information.

While a railway classification yard often has 50 or
more storage tracks, only three storage tracks, 3, 4 and
S have been shown in FIG. 1 for simplicity. In a modern

classification yard, the switches and retarders are typi-
- cally controlled by a central processing unit 1, which

- automatically operates the switches and retarders for

15

20

25

30

35

by the computer itself. In contrast to such an automatic

tuning, in the classification yard today, successful tun-
ing 1s done manually and i1s an extremely laborious
project, especially at a yard with a fluid subgrade, i.e. a
yard built on a swamp. Changes in soil moisture or
temperature radically alter the condition of the track
and hence make correct tuning of the system extremely
difficult.

The ultimate advantage of the proposed system is that
it allows continuous computer controlled tuning of the
retarder control software, hence a narrowing of the
statistical standard deviation in coupling speeds. This
allows for more accurate coupiing speed thereby de-
creasing the number of stalls and accidents. In turn, this
means few freight damage claims and high yard effi-
clency.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block-circuit diagram of the measuring
system of the present invention when utilized in connec-
tion with a railway classification yard.

FIGS. 2(a) to 2(g) show the signals at a plurallty of
dlfferent points in the measuring system 111ustrated in
FIG. 1.

DESCRIPTION OF THE PREFERRED
~ EMBODIMENT

A system "’accordlng to the present mnvention for de-
termining the location of a cut, i.e. a single car or a

45

directing the cuts through the yards at appropriate
speeds to the predesignated storage tracks. This type of
automatically controlled classification yard is shown by
U.S. Pat. No. 3,865,042 to DiPaola et al.

- Such a classification yard generally includes both a
master retarder located in the initial portion of the yard
not far from the humping location and group retarders
located in each of the tracks after the first set of
switches. These retarders are utilized for controlling the
speed of the cuts as they proceed through the yard. A
major factor in controlling the speed of the cuts is the
distance which the cuts have to travel prior to reaching
their designated destinations. It is both necessary that
the cuts reach the storage tracks to which they have
been assigned and that when they reach that track they
are travelling at sufficient speed so as to have enough
momentum to couple with the last car previously
placed on that storage track. On the other hand, if the
speed of the cut is too great, then damage to the cars or
the lading of the cars can result. It, therefore, is highly
desirable to provide each cut with an appropriate exit
speed from the retarders so that its actual coupling
velocity. comes as close as possible to the ideal coupling
velocity. For this purpose, it is necessary to obtain accu-
rate information about the location of the last car within

the particular storage track and the coupling velocity of

each car. With this information it is also possible to
determine the dynamic characteristics of the cars mov-
ing along each of the storage tracks, i.e. the rollability of
the cars on a particular storage track.

The rollability of the car along the storage track can
vary due to a variety of different factors, some of which
have been previously mentioned. By obtaining a plural-

ity of velocity measurements, the acceleration and de-

50
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celeration of the car at various points can be deter-
mined. While normally the car will be decelerating, if
there 1s a dip in the track, a brief acceleration in the
speed of the car can occur.

These dynamic measurements make it possible to
determine the rollability of the car along the length of
storage track prior to coupling. Since the available
length of the storage track varies as more cars are fed
Iinto the track and since the rollability depends on the
contour and condition of the actual track, the rolling
characteristics for each car will be different.

In order to determine the rolling characteristics of

6o the cars and the location of the last car in the track,

plurality of cars, travelling along each of a plurality of 65

storage tracks in a railway classification yard 1s sche-
matically illustrated by the block diagram in FIG. 1.
The cut that is taken under consideration is the most

central processing unit 1 activates signal generator 2
which provides an output pulse. FIG. 2(¢) shows the
pulse at point a in FIG. 1. This pulse is then applied to
first rail 6 at point A of each of the storage tracks. While
in the drawings, the lower rail of each track has been
shown as being the first rail, in actuality it is immaterial
which rail of the track is utilized as the first rail and
which 1s used as the second rail.
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* The signal then travels along rail 6 until it reaches the -

last car 8 in track 4. The rear axle 9 and rear wheels 10a

“and 10b of car 8 electrically shunt rails 6 and 7 together.
‘When the signal reaches the electrical shunt, it proceeds
in three directions. First, the signal continues along rail

6 and it is also transferred to rail 7 through the shunt.
- The signal which is transferred to rail 7 continues in

both directions along that rail, i.e., back towards the

entrance point of track 4 and in the opposite direction
along rail 7 towards its end point. The portion of the
- signal which travels along rail 7 back towards the en-
trance point can be considered to be a reflected signal
and that signal at point D is coupled to multiplexer 11 at
point E. The signal which was applied at pomt A 1s also
applied to multiplexer 11 at pomt F.

Multiplexer 11, therefore, receives the signal applled
to the first rail of each of the tracks and also receives the
signal reflected back along the second rail of each of the

- tracks. Through the control of central processing unit 1,
20

multiplexer 11 sequentially connects the signals from a
particular track to be investigated to the subsequent
portions of the measuring system. Thus, when a deter-
mination is to be made of the location of the last car on

10

15

track 4, the signal from point E is coupled through to '

line G and the signal from point F is coupled through to

line H. The signals at points ¢ and b in FIG. 1 are shown

in FIGS. 2(b) and 2(c), respectively.

The signals are then respectively applied to amplifiers
122 and 12b. The amplifiers serve to shape the signals
and match the amplitude of the voltage of the signals. It
is necessary to compensate for the voltages of the sig-
nals since it is recognized that attenuation of the signals
will occur; such attenuation occurring for the same
reason as in the impedance measuring systems. The
signals then respectively pass through discriminators
13z and 13b, which create logic signals occurring the

25
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_mstant the outputs of the amplifiers depart from their

quiescent points. Thus the signals which are utilized in -

making the measurement are purely based on the lead-
ing edges of the signals and not the steady state mgnals
such as in the impedance measuring systems. |
Delay generators 14a and 14b provide for timing
adjustment and pulse shaping prior to supplying the

signals to time-to-amplitude converter 15. The 31gnal-

taken from point d after the discriminator 13a is an
impulse as shown in FIG. 2(d). The signals at points e

and f at the output of delay generators 14a and 145,

respectively, are impulses as shown in FIGS. 2(e) and

2(f), respectively. The signal from the output of delay

generator 14a, which has been caused by the signal
applied to the first rail of the track under investigation

- activates time-to-amplitude converter 15. This con-

verter integrates a current until it is turned off by the
output signal generated by delay generator 145, which
is caused by the signal reflected back along the second

rail of the track under investigation. Thus, an output

signal is applied at point g such as shown in FIG. 2(g).
The signal at the output of converter 15 has an amplt-

tude which is proportional to the time delay between

~ the signal applied to the first rail and the signal reflected
back along the second rail of the selected track. The
signal at point g is proportional to the distance x be-

4“5
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tween the entrance point of the selected track and the

rear wheels and axle of the last car in such track. The
signal at point g is then applied to an analogue-to-digital

converter 16 which provides a number in digital form

635

proportional to the distance x, which signal is suitable

for acceptance by the central processing unit. The en-

tire measuring cycle can be accomplished in a matter of
microseconds and at a maximum should take no more
than approximately 50 microseconds. Thus, all of the
storage tracks in a classification yard can be tested
within at most a few seconds. | - |
" Due to the speed at which the measurements can be

made, it is possible to determine the location of the car

at a plurality of points of time as it moves. along the.

storage track. By determining the distance traveled
during a set time period, the velocity of the car is deter-
mined. These measurements of the velocity are fed back
to the computer control, thereby making it possible to
automatically tune the system so as to minimize the
deviations in the coupling speeds.

While the velocity should be slowly decreasmg, |
when the velocity rapidly drops to zero, it can be pre-
sumed that coupling has occurred. On the other hand, if
the velocity slowly decreases to zero, it can be pre-
sumed that coupling never occurred but instead that the
car has stalled. If such a stalling is detected, then it is
possible to provide the subsequent car with a slightly
greater speed so that its increased momentum can cause
coupling of the stalled car with the other cars on the
track. When the velocity does drop to zero, the distance
measurement at that point in time is the distance to
coupling. While all of these values are calculated by the
computer, the necessary information for the computer
is obtained by the system of the present invention.

It is noted that the above description and the accom-
panying drawings are provided merely to present an
exemplary embodiment of the present invention and
that additional modifications of that embodiment are
possible within the scope of thlS invention without devi-
ating from the spirit thereof -

I claim:

1. A system for measuring the velomty of a car mov-
ing along a railway track comprising: | |
means for determining the location of the car on the_ |

railway track including: pulse generating means

capable of being coupled to a first rail of the track
for transmitting a pulse signal along such rail,
whereby such pulse signal travels along the first
rail until it reaches the location of a railway car on
the track where the rear wheels and axle of such
car electrically couple the first rail and the second
rail of the track; the pulse signal is then transferred
from the first rail to the second rail back towards
the pmnt at which the pulse signal originated; pulse
receiving means for receiving the pulse signal sup-
plied to the first rail at the same time that such
pulse signal is applied and also adapted to be cou-
pled to the second rail at a point corresponding to
the location at which the pulse generating means is
coupled to the first rail so that said pulse receiving

- means receives the pulse signal back along the
“second rail; and, measuring the time delay between -
the application of the pulse signal to the first rail
and the receipt of the pulse signal reflected back
~ along the second rail and in response to such mea-
surement providing an output signal indicative of

the location of the wheels and the axle of the car

that acted as the electrical shunt for the system for
the first-and second rails of the railway track, such
indication being indicative of the location of the
car on the railway track closest to the point at
~ which the pulse signal is supplied to the first rail of
the railway track; said means for determining the
location of the car making at least two such mea-
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surements w:th a predetermmed time mterval be-
tween such measurement;
means for determining the distance traveled by the
car during said time interval in response to the
output signals received from the means for deter-
mining the location of the car; and, I
- means for determining the velocity of the car based
upon the distance traveled by the car dunng said
time interval. . | |
2. A system for determining the velocity of the most
recent car entering and moving along each storage
track of a railway classification yard having a plurality
of storage tracks where the rear axle and wheels of such
car electrically shunt the two rails of the respective
storage track, the system comprising:
means for determining the location of the most recent
car entering each storage track at least twice with
a predetermined interval between each such mea-
surement, such means including: signal - supply
means for supplying a pulse signal to the first rail of
each of the storage tracks, such pulse being trans-
mitted along the first rail until it reaches the shunt
formed through the rear wheels and axle of the last
car in the storage track, such pulse signal then
‘being transferred through the shunt to the second
rail of the storage track and transmitted along the
second rail back towards the initiation pomt of the
storage track, measuring means for measuring the
time delay between application of the pulse signal
to the first rail of one of the tracks and receipt of
the pulse signal reflected back along the corre-
sponding second rail of the same track and provid-
ing an output signal indicative of the location of the
last car on the storage track selected by said track
selecting means based upon such time delay; and,
track selecting means for selectively coupling the
pulse signal supply to the first rail of one of the
‘tracks and the pulse signal reflected back along the
| "correspondlng second rail of the same track to said
 measuring means; ~
means for determining the distance traveled by the
~ car during said time interval in response to the
output of the means for determining the location of
the car; and, *
means for determining the velocity of the car based
~ upon the distance traveled by the car during said
time interval.
3. A system as defined in claim 2 wherein: said pulse
signal supply means provides a series of pulses to the
first rail of each of the tracks; and said track selecting
‘means includes multlplexmg means for sequentially
coupling to said measuring means the pulse signal sup-
plied to the first rail of a selected track and the reflected
‘pulse signals from the second rail of the same track.
4.'A system for determmmg the looatlon of a car on a
rallway track comprising: - - -

pulse generating means capable of being coupled toa
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first rail of the track for transmitting a pulse signal.

~ along such rail, whereby such pulse signal travels

along the first rail until it reaches the location of a 60

" railway car on the track where the rear wheels and
axle of such car electrically couple the first rail and

~ the second rail of the track, the pulse signal is then
transferred from the first rail to the second rail and

travels in the sccond rail back towards the point 65

from which the pulse signal originated;
pulse receiving means for receiving the pulse signal
supplied to the first rail at the same time that such

10

pulse signal is applied and also adapted to be cou-

- pled to the second rail at a point corresponding to
the location at which the pulse generating means is
coupled to the first rail so that said pulse receiving
means receives the pulse signal reflected back
along the second rail; and,

measurlng means ooupled to said pulse receiving

- means for measuring the time delay between re-
ceipt of the pulse signal supplied to the first rail and
receipt of the pulse signal reflected back along the
second rail and in response to such measurement
providing an output signal indicative of the loca-
tion of the wheels and axle of the car that acted as
the electrical shunt for the system between the first
and second rails of the railway track, such indica-
tion being indicative of the location of the car on
‘the railway track closest to the point at which the
pulse signal is supplied to the first rail of the rail-
way track.

5. A system for determmlng the location of the last
car in each storage track of a railway classification yard
having a plurality of storage tracks where the rear axle
and wheels of such cars electrically shunt the two rails
of the storage track, the system comprising:

signal supply means for supplying a pulse signal to the

first rail of each of the storage tracks, such pulse
signal being transmitted along the first rail until it

- reaches the shunt formed through the rear wheels
and axle of the last car in the storage track, such
pulse signal then being transferred through the
shunt to the second rail of the storage track and
transmitted along the second rail back towards the
initiation point of the storage track;

measuring means for measuring the time delay be-

tween application of the pulse signal to the first rail

of one of the tracks and receipt of the pulse signal

reflected back along the corresponding second rail

of the same track and providing an output signal

indicative of the location of the last car on the
~ storage track selected by said track selecting means
~ based upon such time delay; and,

track selecting means for selectively coupling the

pulse signal supplied to the first rail of one of the
tracks and the pulse signal reflected back along the

corresponding second rail of the same track to said
measuring means.

6. A system as defined in claim 5 wherein: said pulse

signal supply means provides a series of pulses to the
first rail of each of the tracks; and said track selecting

means includes multiplexing means for sequentially
coupling to said measuring means the pulse signal sup-
plied to the first rail of a selected track and the reflected
pulse signals from the second rail of the same track.

7. In a railway classification yard having a plurality of
storage tracks, each of the storage tracks having first
and second rails, a system for determining the distance

that the next car entering a particular storage track must

travel before coupling with the last car that entered
such track, such distance to coupling being determined
by measuring the distance between the last car on each
storage track and a location near the entrance of such

storage track, the system comprising:

pulse signal generating means for supplying a pulse
signal to the first rail of each of the storage tracks
at a first location, such pulse signal being transmit-
ted along the first rail until such pulse signal
reaches the rear wheels and axle of the last car in
each respective storage track which electrically
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shunt the first and second rails, the pulse signal

4,151,969

then being transferred to the second rail thmugh |
~ such shunt and the signal being transmitted in the

second rail back towards the entrance of the re-
Spective storage track;

5

measuring means for measuring the time delay be-

“tween the application of the pulse signal to the first

rail of one of the tracks ad the receipt of the pulse

signal reflected back along the corresponding sec- .

ond rail of the same track and said measuring
means providing an output signal indicative of such
time delay;

multlplexmg means for selectively couplmg said mea-
‘suring means to the first and second rail of a se-

lected track: and,
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~ indicating means coupled to receive the output sngnal .

of said measuring means and in response thereto

providing a signal indicative of the location of the
last car on the storage track selected by said multi-

plexing means.

8. A system for determining - the velocity of the must |
recent car entering and moving along each storage

track of a railway classification yard having a plurality 25

of storage tracks where the rear axle and wheels of such
car electrically shunt the two rails of the respective
storage track, the system comprising:

means for determining the location of the most recent

car entering each storage track at least twice with

a predetermined interval between each such mea-
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surement, such means including: signal supply

means for supplying a signal to the first rail of each
of the storage tracks, such signal being transmitted
along the first rail until it reaches the shunt formed

through the rear wheels and axle of the last car in
the storage track, such signal then being trans-

ferred through the shunt to the second rail of the
storage track and transmitted along the second rail
- back towards the initiation point of the storage

track, measuring means for measuring the time

delay between application of the signal to the first
rail of one of the tracks and receipt of the signal
reflected back along the corresponding second rail
of the same track and providing an output signal
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indicative of the location of the last car on the

storage track selected by said track selecting means

based upon such time delay; and, track selecting
means for selectively coupling the signal supphed

to the first rail of one of the tracks and the signal

reflected back along the corresponding second rail
of the same track to said measuring means;
said measuring means including: first signal generat-

ing means for generating a first impulse signal in -

response to the leading edge of the signal supplied
to the first rail; second signal in response to the
leading edge of the reflected signal received from
the second rail; and comparator means for generat-
ing an output signal based upon the time between
the first impulse signal and the second impulse
signal;

means for determining the distance traveled by the
car during said time interval in response to the
output of the means for determmlng the location of
the car; and,
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means for determining the velocity of the car based
upon the dlstance traveled by the car durmg sald
time interval. S
9. A system as deﬁned in clalm 8 wherem the output
signal generated by said comparator means IS an ana-
logue signal and said measuring means further includes
an analogue-to-digital convertor coupled to receive the
output signal from said comparator means and in re-
sponse thereto producing a digital output signal.
10. A system as defined in claim 9 further comprising
a control means, said control means including means for
initiating operation of said signal supply means and
indicating means coupled to said converter means to
receive the digital output signal and in response to such

signal prowdlng information about the locatlon of the

last car in each storage track. |
- 11. A system for determining the. locatlon uf the: last -

‘car in each storage track of a railway classification yard

having a plurality of storage tracks where the rear axle

and wheels of such cars electrically shunt the two ralls

of the storage track, the system compnsmg, _.

signal supply means for supplying a series of signals

- to the first rail of each of the storage tracks, such
signal being transmitted along the first rail until it
reaches the shunt formed through the rear wheels
and axle of the last car in the storage track, such
signal then being transferred through the shunt to
the second rail of the storage track and transmitted
along the second rail back towards the initiation
point of the storage track;

‘measuring means for measuring the time delay be-
tween application of the signal to the first rail of
one of the tracks and receipt of the signal reflected
back along the corresponding second rail of the
same track and providing an output signal indica-
tive of the location of the last car on the storage
track selected by said track selecting means based
upon such time delay; :

said measuring means including first signal generating
means for generating a first impulse signal in re-
sponse to the leading edge of the signal supplied to
the first rail; second signal generating means for
generating a second impulse signal in response to
the leading edge of the reflected signal received
from the second rail; and comparator means for
generating an output signal based upon the time
between the first impulse signal and the second
impulse signal; and,

track selecting means including mult:plexmg means
for sequentially coupling to said measuring means
the signal supplied to the first rail of a selected
track and the reflected signals from the second rail
of the same track.

12. A system as defined in claim 11 wherein the out-

put signal generated by said comparator means is an

analogue signal and said measuring means further in-

~ cludes an analogue-to-digital converter coupled to re-
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ceive the output signal from said comparator means and
in response thereto producing a digital output signal.
13. A system as defined in claim 12 further compris-
ing a control means, said control means including means
for initiating operation of said signal supply means and
indicating means coupled to satd converter means to
receive the digital output signal and 1n response to such
signal providing information about the location of the

last car in each storage track.
* %X % % X%
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